Mercury(1V) fluoride, HgF4, is thermodynamically stable or only slightly endothermic with respect to gaseous HgF2 + F2 and might be accessible via fluorination of HgF2, e.g. by KrF2. This is the result of high-level quasirelativistic pseudopotential QCISD(T) calculations. In contrast, the existence of CdF4 is unlikely and that of ZnF4 even more so. The easier oxidation of HgF2, compared to CdF2 or ZnF2, is due to a relativistic destabilization of the HgILF bonds rather than to a relativistic stabilization of HgF4. Spin-orbit coupling also contributes to a stabilization of HgF4 vs HgF2 + F2, but only slightly. The performance of various computational levels to treat electron correlation and of a general basis-set contraction scheme based on atomic natural orbitals have been evaluated. The characterization of molecular HgF4 should be possible via vibrational spectroscopy, as the calculated harmonic frequencies differ considerably from those of other possible species that might be present in the reaction mixture. Calculations on anionic model complexes and on the dimers (HgF4)2 and (HgF2)2 show that HgF4 gains only limited additional stability by anionic complexation or by aggregation. Thus, any successful synthesis should involve conditions where the lattice energy of HgF2 is not relevant (e.g. gas-phase molecular beam experiments or reactions in solution).
I. Introduction
The highest known formal oxidation state of the group 12 elements Zn, Cd, and Hg is II.1-3 Only one single report of a short-lived electrochemically generated Hg( 111) species in solution exist^.^ Oxidation of group 12 elements beyond the +I1 state involves ionization and participation in bonding of the metal (n -1 )d electrons. This would transform these post-transition metals into transition elements and thus extend the range of the transition metal rows within the periodic table.
Partly due to the relativistic contraction and stabilization of the 6s-orbital and to the relativistic expansion and destabilization of the Sd-orbitals,S such an oxidation beyond the +I1 state is most likely for the heavy element mercury. Table 1 shows the ionization energies (IE) of the group 12 elements. Obviously, the first two IE of mercury are higher, and the third and fourth IE are lower than the corresponding values for Zn or Cd. Inclusion of relativistic effects is essential to reproduce the experimental values for the heavy element mercury. Comparison of the two bottom rows shows the considerable increase of the first and second IE, and the decrease of the third and fourth IE for mercury due to relativity. It is well-known that the +I11 state is much more important in goldchemistry than for thelighter group 1 1 elements, Ag and CU,I-~ and the largely relativistic origin of this preference for higher oxidation states has been verifieda6 In general, the third-row transition elements tend to exhibit higher oxidation states (or to be more stable in higher oxidation states) than the lighter metals of a given triad.*-3 Figure 1 shows the trends of the highest known oxidation numbers for the elements of the three transition-metal rows. After a regular increase following the maximum group valency up to Mn(VII), Ru(VIII), and Os-(VIII), there is a less regular decrease throughout the last third of a given row. The discovery of Cu(1V) in C S~C U F~~ and of Au(V) in CsAuF58 in the early 1970s has spurred interest in group 12 elements exhibiting valencies above two. However, the above-mentioned report of a short-lived Hg(II1) species'remains singular.
In analogy to gold(III), we have considered the existence of mercury(1V) by ab initio calculations. In a preliminary comm~nication,~ we have reported computational evidence that Inorganic Chemistry, Vol. 33, No. IO, 1994 2123 Tabk 2. f-Function Exponents Used for Zn, Cd, and H P h 8 - suggests mercury(1V) fluoride, HgF4, to have a good chance for existing as a free molecule in the gas phase. A possible preparation route via fluorination of HgFz by KrF2 has been ~uggested.~ We now provide a detailed ab initio comparison of the molecular and electronic structures and of the stabilities of HgF4 and its lighter congeners, ZnF4 and CdF4. Different methods to treat electron correlation in these species are evaluated. The influence of relativistic effects on bond distance, stability, and electronic structure of HgF4 will be discussed. The possible stabilization of HgF4 by anionic complexation or by aggregation will also be considered.
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The setup of this paper is as follows: section I1 describes the computational methods employed. In section 111, we critically compare various theoretical approaches, and establish the accuracy of our calculations. Readers more interested in the general chemical discussion may wish to skip sections I1 and 111.
In section IV, the influence of relativistic effects on bond distances and stabilities of HgF4 and HgF2 is discussed. In section V, we compare the stability of the tetra-and difluorides of Zn, Cd, and Hg, and discuss possible preparation routes for HgF4. We detail the electronic structures of the di-and tetrafluorides in section VI. The calculated harmonic vibrational frequencies for HgF4, HgF2 and (HgF& are evaluated in section VII. In section VIII, the possible stabilization .of HgF4 by anionic complexation or by aggregation is discussed. Finally, section IX summarizes our major conclusions.
Computational Methods
We have used quasirelativistic 20-valence-electron pseudopotentials for Zn,loCd,ll and Hg." Comparativecalculations with a nonrelativistic Hg pseudopotentialll provide information on the influence of relativistic effects on molecular properties of the mercury compounds. For Kr and F, we employed quasirelativistic 8-and 7-valence-electron pseudopotentials, respectively.12J3
Two different basis-set contraction schemes have been employed: Segmented (8s7p6d)/[6s5p3d] GTO valence basis sets published with the Zn, Cd, and Hg pseudopotentialsl0J1 have been used with corresponding segmented valence basis sets for Kr ((6s6pld) 
This basis set combination will be designated basis-A. The addition of one metal f-function (cf. Table 2) leads to basis-B. In some cases, a set of two f-functions (Table 2) Optimized in atomic QCISD calculations using the quasirelativistic pseudopotentials and segmented 6s5p3d valence bases. C). To obtain even larger fractions of the electron-correlation energy contributions in post-SCF calculations while keeping the computational effort manageable, we have used a general contraction scheme. Thus, the same primitive metal 8s7p6d2f valence basis setsloJ1 corresponding to basis C have been contracted to 4s3p3d2f using atomic natural orbital (AN0)I6 coefficients obtained in atomic averaged coupled pair functional (ACPF)" calculations. Similarly, the Kr 6s6p valence basis12 was augmented by a 5d3f set1* and contracted to 2s2p3d2f. The fluorine 7s7p3dlf primitive valence basis set was contracted to a 3s3p3dlf ANObasis. The A N 0 contraction coefficients obtained for Zn, Cd, Hg, and Fare given in Tables 19-22 in the Appendix. Table 23 in the Appendix shows the atomic ACPF contraction errors with both segmented and general contractions. The performance of segmented vs. general contraction schemes will be discussed in section 111.
Electron correlation has been included at the second-order MellerPlesset perturbation theory level (MP2),I9 at the singles + doubles quadratic configuration interaction level (QCISD),m and for the most accuratecalculations at theQCISD(T) level with perturbation-theoretical inclusion of connected triple substitutions.2o The ionization energies for Zn, Cd, and Hg given in Table 1 have been calculated at the ACPF Ievel,I7 using the A N 0 metal basis sets. The calculations employed the Gaussian Gaussian 92,22 and MOLPR023 program systems, except for calculations including spin-orbit coupling, which are described in section IV.
In the following we will use the conventional designations for the computational levels," e.g. a QCISD calculation using basis-B at the structure optimized at the MP2 level using basis-A will be abbreviated by QCISD/basis-B//MPZ/basis-A. Full Hartree-Fock (HF) and MP2 geometry optimizations using basis-A have been carried out for MF4 (M = Zn, Cd, Hg; in D4h symmetry), MF2 (D-J,), HgFs-(in Ck and &A), H g h -(D3r), Hi3h2-(D4hh HgF2-( T d , (HgFd2 (CUI, and ( H g h h (c2h), as well as KrF2 (0-3. HF/basis-A harmonic frequency analyses have been performed for all MF4 and for all mercury species considered (except for (HgF4)2). The D3h form of HgFs-has been found to be a transition state; all other structures are minima at this theoretical level. The M-F distances in MF4 and in MF2 have additionally been computed using the MPZ/basis-B, the ANO-MP2, and the ANO-QCISD methods. A. This indicates problems of the MP2 method in describing the bonding in these ds species, probably due to nonnegligible nondynamical correlation effects (cf. below). It is tempting to ascribe the bond lengthening from HF/basis-A to MP2/basis-A levels to the influence of "left-right and the shortening upon inclusion of metal f-functions to angular or corevalence correlation (f-functions are important in describing angular correlation of the (n-l)d shell). Interestingly, relativistic effects bring MP2 and QCISD in better agreement for HgF4. This may indicate reduced nondynamical correlation effects in the quasirelativistic calculations (cf. below).
The agreement between ANO-MP2 and ANO-QCISD distances for the dlo difluorides is much better than for the d8 tetrafluorides, the ANO-MP2 bond lengths being consistently somewhat (ca. 0.014.015 A) shorter. The H F distances are slightly (ca. 0.02-0.03 A) larger than the ANO-QCISD values.
The inclusion of f-functions in the metal basis set (basis-B, ANO) at the correlated level is necessary to reproduce the slight bond shortening compared to the HF values. These results indicate moderate contributions from angular correlation (slightly overestimated by the MP2 method) and considerably reduced leftright correlation compared to the more covalent tetrafluorides.
( 2 5 Basis-Set Contraction Effects on Energies. For an evaluation oftheperformanceofthesegmentedandANOgenera1 contraction schemes, Table 5 displays the QCISD valence energies for some atoms and molecules, as well as the contraction errors. Table 6 gives various QCISD reaction energies obtained without contraction, with segmented contractions, or with general contractions.
Generally, the absolute contraction errors for the A N 0 basis sets are smaller than those for the segmented basis sets (cf. Table  5 ), in spite of the smaller number of contracted groups. While there is not much experience with A N 0 contractions using pseudopotentials,26 these results indicate a good performance of the general contraction scheme.
However, as suggested by the atomization energies calculated for F2, HgF2, and HgF4 (Table 6 ), the atom-optimized A N 0 basis sets are somewhat biased toward the isolated atoms. Thus, the atomization energies obtained with the A N 0 basis sets for F2 and HgF2 are smaller (by ca. 10-15 kJ mol-I per bond) than the uncontracted-basis results. The values calculated with the segmented basis deviate much less from the atomization energies obtained without basis set contraction, in spite of the smaller electron-correlation energy contributions recovered (note that the SCF contraction errors of the A N 0 basis sets are larger than those for the segmented contraction). Nevertheless, we will base most of our discussion beyond the MP2 level (QCI, ACPF) on results obtained with the A N 0 basis sets. The A N 0 contraction errors in the atomization energies are relatively small, and they tend to cancel, e.g. for the energy of the reaction HgF4 -HgF2 + F2 (cf . Table 6 ). Moreover, the smaller number of basis groups involved reduces the computational effort considerably, which is particularly important for the expensive QCISD(T) calculations. For example, a calculation for HgF4 using the segmented basis-C involves 2 18 contractions whereas the A N 0 calculations requires only 178 groups. The corresponding QCI calculation without contraction (268 primitive functions) would in any case be prohibitively expensive.
Performance of MP2, QCISD, and QCISD(T) for Atomization
Energies. The atomization energies calculated for MF2 and MF4 ( M = Zn, Cd, Hg) at the ANO-MP2, ANO-QCISD, and ANO-QCISD(T) levels are shown in Table 7 . Taking the best calculations, QCISD(T), as a reference, we note a few general trends:
The performance of MP2 for the difluorides is acceptable, the values consistently being too large (compared to QCISD) by ca. 69%. The contributions of triplesubstitutions to the QCI results also are small, 2 4 % of the QCISD(T) atomization energies.
For the atomization energies of the tetrafluorides, MP2 performs considerably worse, and the importance of triple excitations is significantly larger: The MP2 values are larger than the QCISD results by up to 33% (for ZnF4). Relativistic effects for HgF4 decrease the error from 24% to 14%. The contributions from triple excitations range from ca. 13% (HgF4, relativistic ECP) to 22% (CdF4). It is known that contributions from triple substitutions in a single-reference coupled-cluster treatment considerably improve the agreement with multireference CI results in cases with significant but moderate nondynamical correlation contributions, e.g. for Fz, 03, etc. (also see below).27 This suggests a larger degree of nondynamical correlation for the tetrafluorides than for the difluorides, which is supported by the weights of the reference determinants in the QCISD calculations (ca. 0.85 for MF4 but ca. 0.90 for MF2). Hence, the treatment of electron correlation obviously is more demanding for the tetrafluorides than for the difluorides. We thus expect the ANO-QCISD(T) atomization energies for the latter to be more accurate. Unfortunately, no experimental results are available for the monomeric difluorides.
The failure of MP2 for the binding energies in many transition metal compounds is well documented.28 The present results allow the performance of MP2 to be compared for compounds of a given central atom (Zn, Cd, or Hg) as a nontransition metal and as a transition metal. Thus, it can easily be verified that the failure of MP2 is intimately connected to the involvement of d-orbitals in bonding. As indicated by the improvement of the performance of MP2 for HgF4 upon inclusion of the relativistic s-orbital contraction and d-orbital expansion, the problems of a perturbation-theory treatment for the tetrafluorides are also related to a "weak-interaction" situation, i.e. to poor overlap between metal d-orbitals and ligand orbitals. This is consistent with thediscussion of electron correlation in closed-shell transition metal compounds given by Buijse and Baerendsz9 and with the frequent failure of low orders of the MPn series for systems with appreciably stretched bonds.30 Table 8 
Performance of MP2, QCISD, and QCISD(T) for Energies of
Fz-Elimination Reactions. The energies for the reactions MF4 - The contributions from triple excitations to the reaction energies for F2 elimination range from ca. 31 kJ mol-' (HgF4 (rel)) to ca. 94 kJ mol-' (ZnF4). The moderate contributions from triple substitutions for HgF4 (again reduced by relativistic effects) are responsible for the slight endothermicity obtained for the reaction HgF4 -HgFz + Fz. Due to smaller nondynamical correlation contributions (cf. above) to the atomization energies for the difluorides than for the tetrafluorides, weexpect a better treatment of electron correlation to increase the stability of the tetrafluorides compared to MF2 + Fz. Thus, given a small influence of spinorbit coupling (cf. section IV), our calculations probably underrather thanoverestimate thestabilityofthegroup 12 tetrafluorides towards Fz elimination. However, basis-set superposition errors might revert this trend (cf. below).
Influence of Basis-Set Superposition Erron (=E) on Stabilities of HgF4 and HgFz. To estimate the influence of BSSE on the ANO-QCISD(T) reaction energy for HgF4 -HgF2 + Fz, we have applied thecounterpoise c~rrection.~' Thus, the mercury atom has been calculated in the complete HgF, and HgF2 molecular basis sets. Compared to the atomic basis, the mercury atom is stabilized by ca. 45.1 kJ mol-' in the HgF4 basis, and by ca. 
a1,,6* AuF3 is indeed stabilized by scalar relativistic effects, in contrast to HgF4. The better agreement between MP2 and QCISD for AuF3 compared to HgF4 also is an interesting result.
These different contributions of relativity to the atomization energies may be rationalized by a simple picture (cf. above for the interpretation of bond length contractions) using the metal s-and d-orbital participation in bonding (cf. Table lo), and bond polarity. In HgF2 (as in A u F ) ,~ the relativistically increased 6s-ionization energy leads to a bond destabilization, as the bonding is mainly of the type Hg+2(F-)2. In HgF4, this destabilization is diluted by the considerable 5d-orbital contribution to bonding (Table 10 ). InAuF3, therelatived-orbital participation in bonding is even larger-hence, the relativistic stabilization. The large relativistic destabilization in HgF2 due to the relativistically increased 6s-ionization potential of mercury certainly is of general importance for the well-known rel~ctancel-~ of Hg(I1) to form strong bonds to electronegative elements like fluorine or oxygen.
The differential relativistic stabilization of HgF4 vs HgF2 + F2 may be inferred from Table 9 . Without relativity, the F2-elimination reaction would be considerably exothermic, similar to the corresponding reaction for CdF4. However, this stabilization of oxidation state IV is due to the large relativistic destabilization of HgF2 and not to a relativistic stabilization of HgF4 itself! Similar considerations may be important for the discussion of the relative stability of different oxidation states in compounds of other heavy transition metals.
Influence and F2 to be invariably ca. 3.4 kJ mol-' (note that the MP2 and QCISD(T) BSSE estimates for the Hg atom are almost identical). Addition of these combined counterpoise corrections to the ANO-QCISD(T) reaction energy (+18.7 kJ mol-', cf. Table 9 ) would lead to a AE(HgF4 -HgF2 + F2) of ca. -4.1 kJ mol-'.
IV. The Influence of Relativistic Effects for HgF4 and HgF2
Scalar Relativistic Effects on Bond Distances. The two bottom rows in Tables 3 and 4 compare the relativistic and nonrelativistic results for the calculated bond distances in HgF4 and in HgF2. As the relativistic effects (i.e. the differences between quasirelativistic and nonrelativistic pseudopotential results) are not the same for different treatments of electron correlation (cf. above), we will concentrate on the best calculations (ANO-QCISD, last columns). While both the bonds in HgF4 and in HgF2 are shortened by relativity, the contraction for the former (ca. 0.075 A) is smaller than that for the latter (ca. 0.1 12 A). This is similar to previous results for gold(II1) and gold(1) species.6 Using a simple atomic argument, these differences may be attributed to the different amount of s-orbital involvement in bonding536 (cf. last column in 
V. The Stability of MF4 vs. MF2 (M = Zn, Cd, Hg)
The atomization energies given in Table 7 show that thegeneral order of average M-F bond strength is Zn > Cd > Hg (the relative position of Cd and Hg being due to relativistic effects), both in the difluorides andin the tetrafluorides. This agrees with the general observation that M-X bond strengths for a given substituent X tend to decrease down group 12.2 However, the particularly strong bonds in the zinc and cadmium difluorides (QCISD(T) average binding energies are ca. 375 and 318 kJ mol-' in ZnF2 and CdF2, respectively) make the existence of the corresponding tetrafluorides extremely unlikely. The QCISD-(T) energies for elimination of F2 from ZnF4 and CdF4 are -164 and-99 kJ mol-', respectively (cf. KrF2, is a well-known endothermic fluorine compound that has been used as an extremely reactive agent to obtain unusually high oxidation states, e.g. in the preparation of A u F~.~~ Table  11 shows the reaction energies calculated at various theoretical levels for theoxidation of HgF2 by KrF2. For comparison, results for ZnF2 and CdF2, as well as nonrelativistic results for HgF2, are also included. The discrepancies between the MP2, QCISD, and QCISD(T) atomization energies for the tetrafluorides (cf. Table 7 and section 111) are carried over into the energies of the oxidation reactions of ZnF2, CdF2, and "nonrelativistic" HgF2 (cf . Table 11 ). In all these three cases (top three rows) the best results (ANO-QCISD-(T)) indicate an endothermic reaction, significantly so for Zn. In calculations using the relativistic mercury pseudopotential, the compensation between the MP2 vs. QCISD vs. QCISD(T) differences in the atomization energies of HgF2, HgF4, and KrF2 (cf. Tables 7 and 8) is much better (cf. last row in Table 1 l) , and the different levels agree reasonably well for the oxidation energy.
There is little doubt that the reaction HgF2 + KrF2 -HgF4 + Kr is significantly exothermic (by ca. 100 kJ mol-'). Thus, the preparation of HgF4 along this route appears feasable. A major problem is that the reaction has to be carried out under conditions where the lattice energy of HgF2 is unimportant (cf. discussion in section VIII) but KrF2 is still stable. This points either to a molecular beam experiment with subsequent mass-spectrometric characterization or matrix isolation of the products or to a lowtemperature solvent variant of the reaction. Apparently, there has already been an attempt to conduct the reaction in liquid HF, but no product could be isolated.3' As the reaction HgF2 + 2F -HgFdisexothermicbyca. 150 kJmol-l,onemightalsospeculate about a photochemical reaction involving fluorine atoms. As our calculations indicate that the reaction HgF2 + F2 -HgF4 may be slightly exothermic (cf. above), even the direct fluorination of HgF2 under suitable conditions may not be ruled out.
VI. Electronic Structure and Bonding in MF4 and MF2 ( M =
For an understanding of the different stabilities of ZnF4, CdF4, and HgF4, it is useful to compare the electronic structures of the group 12 di-and tetrafluorides. We have employed the natural population analysis (NPA) and natural bond orbital (NBO) methods.3s Table 10 gives the metal charges, the metal net ns, np, and ( n -l)d populations, and an estimate of the relative metal A 0 contributions to covalent bonding. The latter estimate is based on the analysis of natural atomic orbital (NAO) contributions to natural localized molecular orbitals (NLMO). These in turn have been constructed from a natural bond orbital (NBO) ionic "Lewis structure" (Hg4+ + 4F-) with no covalent M-F bonding. The numbers given in the last column of Table  10 thus are the relative contributions from metal s, p, and d orbitals to the resulting least-occupied fluorine lone-pair NLMO (which indeed is M-F u-bonding). *-Bonding contributions are negligible in all cases. While the NPA metal charges Q in ZnF2, CdF2, and HgF2 (nonrelativistic calculation) are close to 1.8 (Table lo) , relativity reduces this value to ca. 1.6 for HgF2. This is due to the relativistic increase of the first two ionization energies in mercury (cf . Table  1 and Introduction), which disfavors an ionic configuration, Hg2+(F-)2, and indeed destabilizes the bonds in HgF2 appreciably (cf. section IV). The little covalent bonding present in the difluorides is due to the metal s-orbitals (and largely fluorine p-orbitals) with only marginal metal p-or d-orbital participation (a small relativistic increase of the d-contributions is observed for HgF2; see Table 10 ).
In contrast to HgF2, the metal charge in HgF4 is affected only slightly by relativity and is similar to the charges calculated for ZnF4 and CdF4. An increase of the metal charge by only ca. 0.2-0.7 electron (from ca. 1.6-1.8 to ca. 2.2-2.3 electrons) from M(I1) to M(1V) indicates significant covalent bonding contributions for the tetrafluorides, as might be expected for a metal in formal oxidation state +IV. However, the distribution of the metal valence population into ns, np, and ( n -1)d NAOs, and the relative contributions of the metal orbitals to the M-F bonds differ appreciably for the tetrafluorides. The ionization of s-electrons is less pronounced and that of d-electrons is more pronounced for HgF4 than for its lighter congeners, particularly in the quasirelativistic calculation, HgF4(rel). Consequently, the d/s ratio of the metal NAO contributions to M-F bonding is larger for HgF4 (ca. 6.8) than for ZnF4 and CdF4 (ca. 4.8-5.0). Comparison with the nonrelativistic HgF4 results in Table 10 shows that this is to a large extent due to relativity.
The significant d-orbital contributions to bonding indeed characterize the tetrafluorides as genuine transition metal compounds with a formal d8 configuration, whereas the difluorides (even HgF2) may be safely regarded as rather ionic d'o main group species.
VII. Harmonic Vibrational Frequencies for HgFh HgF2, and (HgF2) 2 Vibrational spectroscopy may be an important method to identify and characterize HgF4 once obtained. To facilitate the identification, we have performed harmonicvibrational frequency analyses (at the HF/basis-A level) for HgF4 and HgF2, and for the HgF2 dimer. The results are listed in Tables 12-14 Calculated for the MPZ/basis-A optimized structures (cf. Figure 2) . HgF2 dimer might be one of the species present in a gas-phase molecular beam experiment. Its structure and stability with respect to 2HgF2 will be discussed in section VIII. More detailed computational results on this species will be presented elsewhere as part of a study on mercury(I1) co0rdination.3~ The frequencies calculated for HgF2 are in good agreement with experiment (cf. Table 13 ). The HF frequencies calculated for AuF4-at a basisset level similar to that used in the present study also agree with experiment to within ca. 10 cm-1.6a We expect comparable accuracy for HgF4.
Due to the high symmetry present, the IR and Raman spectra of HgF4 can contain no more than 4 and 3 lines, respectively. Moreover, the vibrational wavenumbers of HgF2 and (HgF2)2 differ considerably from those of HgF4 (compare Tables 12-14) , particularly in the experimentally most accessible range above ca. 300 cm-1. This should facilitate the identification of HgF4 by means of vibrational spectroscopy. Results of the harmonic vibrational frequency analyses for HgFs-, HgF6-2, HgF3-, H~F.I-~, and KrFz are available from the authors upon request. The zeropoint vibrational energies calculated for these species, the group 12 di-and tetrafluorides, and F2 are given in Table 15 . They have been employed to calculate the zero-point vibrational energy corrections for the reaction energies given throughout this paper (Tables 7, 8, 11, and 16-18 +148.5 +167.8 +166.9
HgF4 + F-+ HgFS-+2.5 -23 1.8 -236.8 -234.7
HgFs-+ F-+HgF62-+1.8 +417.9 +364.8' +400.4c Basis-B//MPZ/basis-A results. HF zero-point vibrational energy contributions. Mercury 5s and 5p orbitals not correlated. to stabilize metal species in high oxidation states.3 Therefore HgF5-and HgFs2-have been considered. For the former, both the trigonal bipyramidal (D3h) and the square pyramidal (Ch) structures have been optimized (Figure 2) . At all theoretical levels we find the Cb arrangement to be slightly more stable than the D3h structure (at the HF level, the DW form is a transition state with one imaginary frequency, whereas the Cb form is a minimum). The best calculated value for the energy difference isca. 20 kJ mol-l (cf. theapical secondary Hg-F bond in the Ckstructure is considerably less effective than the primary basal bonds (cf. Figure 2) . The FapHgFkl angle is rather close to 90'. Interestingly, the D3h structure exhibits shorter axial than equatorial bonds. As indicated by the rather long secondary bonds in HgF$ (Figure  3 ), binding of a second fluoride ion appears to be still much less effective than that of the first (see below). In contrast, the anionic Hg(I1) fluoride complexes HgF3-and HgF2-feature structures with identical Hg-F bonds (cf. Figure 4) , although longer than those in HgFz (cf. Table 4 ). Both the D3h structure for HgF3-and the Tdstructure for H B F~~-are minima on their HF/basis-A potential energy surfaces. However, to our knowledge none of these complex anions of mercury(I1) fluoride has been observed experimentally. expected for the free anions. Most importantly, the first addition is slightly more exothermic for HgF4 than for HgFz, but the second fluoride addition is far more endothermic for HgF5-than for HgF3-. Thus, the result suggested by the structures of the anions (Figures 2-4) is borne out by the fluoride attachment energies: The stabilization of Hg(I1) by anionic complexation is larger than for Hg(1V). The consequences of the fluoride attachment energies given in Table 17 for the elimination of Fz from HgF4, HgFS-, or H~F c~ are shown in Table 18 . While F2-elimination from HgFS-is slightly less favorable than for HgF4 (note the inferior theoretical level compared to the data given in Table 9 ), addition of a second fluoride ion strongly favors the +I1 state.
Aggregation: Comparison of (HgF4)Z and (HgF& As a first step toward modeling the aggregation of HgF4 in the condensed phase, in comparison with HgF2, we have studied the dimers (HgF& and (HgF2)2 at the HF/basis-A and MP2/ basis-A levels. The optimizations have been carried out in C2h symmetry for both systems, and the results are shown in Figure 5 . H F harmonic vibrational frequency analysis (cf. section VII) characterizes the C Z~ structure as a minimum for (HgF2)2.
Both dimers represent relatively loose dipole4ipole complexes of the monomers, with only small changes in the monomer structures. However, some differences between (HgF& and (HgF2)z may be noted: In (HgF2)z the two secondary bridging H g F contacts are shorter (2.506 vs 2.592 A at the MP2 level), and the lengthening of the primary Hg-F bond involved in bridging (compared to the trans terminal bond) is larger (0.050 vs 0.023 A). Consequently, the Hg-Hg distance is slightly shorter (3.663 vs 3.688 A). These structural data for the dimers of HgF4 and HgFz suggest somewhat weaker aggregation for HgF4, as expected from the smaller Hg-F charge separation (cf. 
IX. Conclusions
Quasirelativistic ab initio pseudopotential calculations, using extended A N 0 basis sets and high-level methods (QCISD, QCISD(T)) for the treatment of electron correlation, show that mercury tetrafluoride, HgF4, should exist as a free molecule in the gas phase. The gas-phase reaction HgF4 -HgF2 + F2 probably is slightly endothermic. In contrast, the existence of CdF4 and particularly of ZnFd is unlikely, as the elimination of F2 from these metal(1V) fluorides is significantly exothermic. These differences between the lighter group 12 and mercury fluorides are mainly due to the large relativistic destabilization of HgF2 and not to a direct relativistic stabilization of HgF4 itself. the ( n -1)d-orbitals in bonding to a significant extent. Thus, they are genuine low-spin d* transition metal compounds, whereas the difluorides are true ionic main group (post-transition metal dIo) species. The performance of the MPZ method and the importance of triple substitutions in quadratic CI calculations for the relative energies and structures of the group 12 di-and tetrafluorides have been discussed. Interestingly, for HgF4 but not for HgF2 there is a considerable interdependence of relativistic effects (on bond lengths and binding energies) and the level of treatment of electron correlation. This is due to significant nondynamical correlation contributions in HgF4. These are somewhat smaller in the relativistic than in the nonrelativistic pseudopotential calculations.
Note Added in Proof. The addition of a metal g-function (6 = 1.7) in the ANO-QCISD(T) calculations changes the atomization energies of HgF4 and HgF2 by less than 3 kJ mol-' and the reaction energy for HgF4 -HgF2 + F2 by less than 1 kJ mol-'.
